Cylindrical samples of Waspaloy and Inconel 718 were hot compressed, using a computerized Instron machine. The test program covered strain rates from 10 .4 s-! to 1 s-~, temperatures ranging from 875 ~ to 1220 ~ and deformations up to strains of 0.7. Interrupted tests were also carried out to determine the nature of the static softening and hardening processes. Dynamic recrystallization, partial or complete, was observed at temperatures above 950 ~ At 950 ~ and below, dynamic recovery was the process controlling the deformation. Static softening was found to take place both by recovery and by recrystallization. Yield points were detected in Waspaloy under certain conditions as well as in Inconel 718. For Waspaloy the yield drops occurred in the vicinity of 1100 ~ and a deviation from the normal behavior in the stress-temperature curve was seen in the same temperature range. The mechanism responsible for the occurrence of the yield drops, which in turn is related to the deviation in the ovs T curve, is believed to be short range ordering of the ,/forming elements. For Inconel 718, elements such as Co, Cr and Fe may be causing short range ordering, but the locking mechanism may also be associated with the precipitation of carbides or other intermetallic phases on the dislocations.
INTRODUCTION
Despite the many advantages offered by advanced techniques such as directional solidification, hot isostatic pressing and oxide dispersion strengthening, there remains a considerable demand for wrought superalloys produced by more conventional processes. When it comes to the behavior of superalloys under forging conditions, although the general relationships between microstructure and mechanical properties are understood at least generally, ~ the influence of the hot working conditions on the subsequent microstructure and properties is still incompletely known. This investigation was therefore aimed at a study of the hot working mechanisms involved in the deformation of the nickel-based superalloys. In particular, the softening processes that operate both during and after the deformation of Waspaloy and Inconel 718 were investigated. After its inception, the project was extended to obtain additional information concerning the appearance of the yield drops which occurred while testing both materials.
EXPERIMENTAL MATERIALS AND PROCEDURE
The materials investigated were: i) Waspaloy--a nickel-base superalloy supplied by TRW Inc., of Minerva, Ohio, and ii) Inconel 718--a nickel-iron base superalloy supplied by the Special Metals Corp., of New Hartford, New York. Both materials were received in the heat treated condition for optimum high temperature creep and stress rupture properties. The detailed chemical analyses of these alloys are given in Table I .
The tests were carried out by hot compression under a high purity argon (~--10 ppm 02) atmosphere on cylindrical specimens of the form shown in Fig. 1 . The specimens were machined from rods which were initially 12.7 mm in diameter. During each test, the crosshead speed was maintained proportional to the specimen height, so that constant true strain rates in the range 10 -4 s-i to 1 s-l were applied. The grooves seen in Fig. 1 were designed to promote uniform flow, by retaining the glass lubricants used (Table II) , and releasing them gradually in the course of the increase in the specimen/tooling interface area.
To conduct an actual test, the temperature of the furnace (which contained the muffle, tools and specimen) was raised to the solution temperature at a heating rate of 0.5 ~ After 30 min at the solution temperature, the testing train was cooled to the test temperature at the rate of 10 ~ Prior to testing, each sample was held at the test temperature for 15 min to permit equilibration before hot compression. It was quenched within one to four seconds of the completion of the test.* * The compression tools were machined from Udimet 700. These contained replaceable inserts of SiN, which served as the compression platens in contact with the specimen. Further details of the testing arrangement are presented in Refs. 9 to 13, which are introduced below.
EXPERIMENTAL RESULTS

Waspaloy
Flow Curves and Stress~Temperature Relations. A solution temperature of 1200 ~ was used and some typical true stress/true strain curves are shown in Fig. 2(a) 1656--VOLUME 12A, SEPTEMBER 1981 seen that, by increasing the strain rate, both the amount of work hardening, as well as the amount of flow softening are increased. A steady state of flow was not achieved for the amount of deformation (0.7) imposed. When the temperature was increased to 1100 ~ ( Fig. 2(b) ), a yield drop appeared at a strain rate of 9.3 • 10-2 s-l, but not at the lower strain rates. Furthermore, at the higher strain rates, the flow softening was not as well developed as in Fig. 2(a) , and a steady state of flow was readily achieved at strain rates of 1.9
• 10 -3 s -] or less. The temperature dependence of the 
